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Introduction 
The very same solid oxide cell (SOC) may be used 
as solid oxide electrolysis cell (SOEC) as well as solid 
oxide fuel cell (SOFC), i.e. the cell is fully reversible 
both for H2O/H2 and CO2/CO as well as for mixtures of 
these reactants [1,2]. Production of syngas (H2 +CO) by 
co-electrolysis of H2O + CO using SOEC in the temper-
ature range of 600 – 1000 C opens the possibility of 
producing hydrocarbons from renewable electricity by 
catalytic conversion of syngas into hydrocarbons using 
well established commercial technology [2]. These 
hydrocarbon fuels can be used directly as transportation 
fuels. Alternatively, the fuels produced in SOEC mode 
can be converted back to electricity. Therefore the SOC 
technology can provide both fuels and on-demand elec-
tricity from intermittent renewable electricity and could 
be a long-term solution for achieving high penetration 
of renewable energy. This has led to a greatly increased 
research activity on the application of the SOFC in 
SOEC mode during the recent decade. Exciting perfor-
mance results have been achieved and disappointing 
degradation rates have been observed. The purpose of 
this work is to briefly review cell performance and limi-
tations, and to explain mechanisms behind cell degrada-
tion and activation. Temperature gradients across the 
cell may play a role in the cell performance and instabil-
ity. Therefore, an analysis of the heat dissipation across 
the cell is presented. 
 
Review 
The various phenomena that are being observed 
when the electrolysis and fuel cell polarization/current 
density brings the cell materials on the verge of their 
stability are reviewed. Phenomena such as oxygen bub-
ble formation in the electrolyte near the oxygen elec-
trode [3], reduction (blackening) of the doped zirconia 
into Zr or Zr-containing-alloys (e.g. Pt(Y,Zr)) at the fuel 
electrode [4], and carbon precipitation in the fuel elec-
trode [5] during electrolysis are reviewed. In fuel cell 
mode destructive reactions like re-oxidation of Ni in the 
Ni-zirconia cermet and reactions between YSZ electro-
lyte and e.g. LSM oxygen electrode are summarized. 
The review makes it clear that these processes are as 
such dependent on the electrode potential rather than on 
the current density.  
An apparent difference in cell polarization re-
sistance between SOEC and SOFC mode has been ob-
served and related to differences in actual cell tempera-
ture [6], which seems to be of significant importance. 
This observation has spurred us to make a detailed anal-
ysis of the distribution of heat formation. 
 
Analysis of heat dissipation and temperature gradi-
ents 
All cell (and stack) components contribute to heat 
dissipation or consumption (negative dissipation). There 
are significant differences in the nature of the sources as 
indicated in Figure 1. The entropy change at oxygen 
electrode contributes with ca. 200 kJ/mol O2 to the heat-
ing in fuel cell mode [7] and is equivalently cooling in 
the electrolyser mode. The fuel electrode has a small 
heat dissipation but with opposite sign. Further, the heat 
dissipation in the electrolyte will be uneven in case a 
significant part of the current is electronic at high elec-
trode overvoltages. In this case the electronic resistance 
will vary across the electrolyte [8]. 
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Figure 1. Sketch of an cell with mechanical support on 
the fuel electrode side. The main sources for the heat 
production/consumption are indicated. Heat production 
due to diffusion and joule heating is always positive 
whereas the results of change in entropy (-TS) are 
negative (heat consuming) in electrolysis mode but 
positive (heat producing) in fuel cell mode.  
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